


BIRUNi’S BOOK OF PEARLS 
CONCERNING THE PROJECTION OF SPHERES 

Ahmad Dallal* 

Introduction 

This paper presents the Arabic text, a translation, and a com¬ 
mentary upon a treatise by Abu al-Rayhan al-Blruni, the preemi¬ 
nent eleventh century scientist of Central Asia 1 . 

Biruni’s writings ranged over a broad spectrum of topics which 
included among others astronomy, mathematics, geography, as¬ 
trology, metallurgy, and pharmacy. Only a few of these works 
have been studied. He also wrote several works on the astrolabe 2 
- an instrument used to solve more than three hundred standard 
mathematical astronomical problems 3 - and only one of these has 
been properly studied 4 . These works deal with different aspects 
of the instrument: some are detailed and include a detailed de¬ 
scription of the theory behind the instrument 5 as well as the 

* Columbia University, Kent Hall, New York, N. Y. 10027, U.S. A. 

1 For Birunf s biography see [7]. 

2 Boilot, [5], Nos. 46-50, pp. 191-193; Sezgin [12], vol. 6, pp. 268 seqq., 
Nos. 6, 7, 8, 9, 10, 11, 14, 19, 28. 

3 For an introduction to the theory, construction, and use of the astrolabe, 
see [13], [6], [9], and [8]. 

4 For the only work of Birum which deals with projections and which has 
been published, see [3] and [11]. 

6 The basic theory used in the construction of an astrolabe is that of stere¬ 
ographic projection. In this method the pole of projection is taken on the sur¬ 
face of the celestial sphere, and the plane of projection is the plane perpen¬ 
dicular to the diameter of the sphere passing through this point. Two proper¬ 
ties of this kind of projection are: 

1. All circles on the sphere, that do not pass through the pole of projec¬ 
tion, project as circles on the plane of projection; thus circles are preserved. 

2. The mapping is conformal, that is, an angle subtended by two curves on 
the sphere is equal to the angle subtended by the projections of these curves 
on the plane of projection; thus angles are preserved. 

The proof for the first property of this projection was known in antiquity 
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manner of its operation, while others deal with the practical 
aspects involved in its construction. 

The treatise studied here is called: Kitab al-Durar fi sath al- 
ukar [hereafter Durar] (“The Book of Pearls Concerning the Pro¬ 
jection of Spheres”) 6 , and is, to use Blrunfs own words, a work 
on the “making of the astrolabe . . and “the method of deter¬ 
mining the horoscope with the various kinds of astrolabes”. The 
treatise is composed of two parts called “questions”. The first is 
in eight sections which cover the theoretical and the practical 
problems of constructing the instruments, and treats the follow¬ 
ing topics: 

The first section considers the problem of mapping the celestial 
sphere on a plane by projecting each point of the sphere onto the 
equatorial plane from a fixed point on the north-south axis of the 
sphere. The author examines the different kinds of projections 
that result from various positions of the pole of projection along 
the axis of the sphere. The pole of projection could lie either in¬ 
side or outside the sphere, or on either one of its two poles, and 
the projections would vary accordingly. Biruni also maintains in 
this section that the circles of the sphere that are projected on 
an astrolabe could be either great circles, the horizon and azi¬ 
muth circles, or small circles, these being the day circles or the 
almucantars. The projections of the above circles could be 
straight lines, circles, parabolas, hyperbolas, or ellipses. 

In section two, Biruni starts by saying that for purposes of as- 
trolabic projections, the pole of projection is taken to coincide 
with either one of the two poles of the sphere; the resulting pro¬ 
jection would then be what is now called stereographic. He goes 
on to determine the method for constructing the day circles in 
northerly and southerly astrolabes. Section three deals with the 

(see Apollonius, in [2], pp. 1-14), while the second part was not proved until 
much later. For more details and proofs on this theory, and its relationship 
to astrolabes, see [8], pp. 27-29. 

6 For information on available copies of this manuscript, see Sezgin [12], 
vol. 5, p. 381, no. 4, vol. 6, pp. 269-270. Note that this text is different from 
Taslih al-$uwar wa-tabtih al-kuwar, which was edited by A. Sa'idan in [11], 
and of which [3] is an English translation by Berggren. This treatise although 
listed in [5] under the works on the astrolabe, has no direct mention of the 
actual practical construction or usage of that instrument. It is related to as¬ 
trolabes only as far as general projection theories are concerned. 
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method for constructing horizon circles, and although those are 
given for northerly astrolabes, it is indicated that those are sym¬ 
metrical with southerly ones. 

Section four discusses the projection of almucantars of altitude 
and of depression, and section five discusses the projection of azi¬ 
muth circles. In section six, the method of dividing the ecliptic 
into zodiacal signs is presented after repeating the method of 
constructing the map of the ecliptic circle, which is presented 
earlier, at the end of section three. Then in section seven the 
method for determining or rather constructing the pointers for 
the stars is presented. Finally section eight gives the method of 
obtaining the hour lines. 

The second “question” is in six sections. It deals with the 
problem of horoscope determination for the planispheric astro¬ 
labes discussed in the first question, as well as for a number of 
astrolabes that Biruni mentions elsewhere in his works 7 . 


The Manuscripts 

Three copies of the Durar were used to establish the text be¬ 
low, all of them from the Bodleian Library of Oxford 8 . These 
manuscripts are: 

1. Seld. Sup. [3297,85], fol. l-10v. This is used as the base 
manuscript for the accompanying edition 0 . 

2. Thurston [3970,3], fol. 120r-122r 10 . 

3. Marsh 713, fol. 239v-242v n . 

Seld. Sup. 85 is used as the base manuscript because the name 
of its scribe was specified, in addition to its writing date. The 
manuscript clearly states that it was composed by al-Blrunl. 
Moreover, the additions on the margins of this manuscript indi- 

7 Such problems are also discussed by $uli, for example, in [13], chapters 
51-64. 

8 The author wishes to acknowledge his gratitude to the Keeper of the 
Oriental Collection at the Bodleian for his cooperation in supplying these 
manuscripts for'this study. 

9 See [15], pp. 226-227. 

10 Ibid, p. 198. The manuscript also contains a collection of several works 
by Biruni and others. 

11 Ibid., p. 203-204. 
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cate that it was compared with the original text from which it 
was copied, and that scribal errors were corrected. Seld. 85 is 
thus a reliable copy. 

Thurston 3 is part of a Majmu 1 containing mathematical and 
astronomical treatises. Herein, al-Biruni’s text is rendered in its 
complete form. Since the second “question” does not appear in 
the Seld. Sup. manuscript, we had to depend completely on the 
Thurston and Marsh manuscripts in editing this part. 

Manuscript Marsh 713 is believed to be a recent copy of Thur¬ 
ston 3, and therefore was of little use for our purpose. In fact, at 
times, the readings of the copyist of Marsh 713 were so bad that 
they actually distorted the text of Thurston 3 rather than eluci¬ 
dated it. After a close study of Marsh 713, and after much con¬ 
sideration, it was thought that the copyist of that manuscript 
did not understand what he was copying, and that the manu¬ 
script ought to be used with extreme caution, seeking its reading 
only when the other two were totally illegible. Even then, one 
had to guess at the meaning intended in the text, and accept it 
only if it made sense in the context. Luckily this did not have to 
be done very often, and the edited text, as it now stands, is 
probably the closest approximation to the one that was originally 
intended by Biruni. 

A number of the figures appearing in Seld. Sup. 85 were dis¬ 
torted, and they were redrawn in accordance with the text. As 
for the drawings in the other manuscripts, they were not used, 
either because the diagrams did not appear to start with, or be¬ 
cause such diagrams were fully distorted. Figures 13 through 17 
are not part of the Arabic text and were added in the English 
translation for illustration purposes. 

The Authorship 

The text of the Durar is mentioned in Boilot’s index among 
the works of Biruni 12 , but not under the works on the astrolabe. 
In the manuscript copies used for this edition, the authorship 
could be directly assertained only once, namely in the case of the 
first manuscript where the name of Biruni is mentioned on the 


12 See [5], pp. 225, No. 143. 
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flyleaf. But the same manuscript did not have the name repeated 
in the body of the text as would have been the usual practice. 

Internal evidence, however, leaves no doubt that this work 
was written by Biruni, for there were several indications that 
pointed to him as the only possible author. One such instance, 
for example, resulted from a detailed comparison between the 
contents of the Durar with the contents of another treatise un¬ 
questionably written by Biruni, namely his elaborate work called 
IstVab al-wujuh al-mumkinah fi san l at al-asturlab. One of the 
many similarities that can be traced in the two works is what Bi¬ 
runi refers to as the method of al-Khujandi for the construction 
of azimuth circles 13 , which was the method preferred by Biruni in 
both treatises. 

A second instance is the observation used to determine the 
value of the maximum inclination of the ecliptic as being 23; 35 
degrees. In the Durar Biruni gives the diameter of the ring used 
in the observation as being 15 cubits, and the year in which the 
observation was conducted as the year 385 of the Hijra. These 
figures happen to be the same figures given by Biruni in another 
one of his securely attributed books, namely the Kitab 
Tahdid nihaydt al-amakin 14 . 
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13 See translation below. 

14 See Jamil Ali’s translation of the Tahdid , [1], p. 77. 
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Translation* 

[f. lr] The Book of Pearls Concerning the Projection of Spheres. 

Written by the Honorable Scholar, al-Shaikh abi al-Rayhan 
Muhammad b. Ahmad al-Biruni, May God Forgive and Exoner¬ 
ate Him. 

[f. lv] In the name of God, the Merciful (and) the Compassion¬ 
ate, whose aid we seek against oppressors. Praise be to God the 
Lord of Creation. And may His prayers be upon Muhammad the 
seal of the Prophets, and upon all his family and companions. 

I had composed for my lord concerning the projections of 
spheres and their representation with whatever figures possible, 
that which had occurred to my mind, and that which I (could) 
imagine at that time and (under those) conditions. I also as¬ 
sumed, and still do, that I had already covered all that could be 
thought of. I also drew attention to some of the basic principles 
(of projections), without mentioning any of the proofs, for I was 
asked to deduce the laws from the practical and theoretical 
aspects 16 . 

And now that he, may God support him, has asked me to de¬ 
vote a special work to the making of the astrolabe alone, and to 
report about the method of the determination of the horoscope in 
all the various kinds of astrolabes that I myself had observed, or 
that he himself had indicated - in order for that to be a reminder 
of the various workings of it (i. e. the astrolabe) - I am hereby 
responding to his request and following his command, applying 
to God for aid, for He is my refuge and He is the best of guard¬ 
ians. 

* References in square brackets are to the folio numbers in the base manu¬ 
script Seld. Sup. 85, and words in parenthesis are not part of the Arabic text, 
but are added to clarify the translation. 

16 Blruni is possibly referring in this paragraph to the elaborate treatise 
that he wrote on the astrolabe, called Isti'db al-wujuh al-mumkinah fi ^an'al 
al-asturldb. The book matches the description in that it covers many basic 
construction principles, without giving proofs, to be used as a practical refer¬ 
ence on the subject. If this is so, then Birunt is adressing his speech, when he 
says my lord, to the same person, who is specified in al-IslVab as Abu Sahl 
‘Isa b. Yahya al-Tabari, otherwise unknown. 
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[f. 2r] The first question: And it consists of eight sections. 

Section one : On the method of representing (projections) of 
what is (found) on the sphere on planes, according to the varia¬ 
tion of (the position) of the pole of projection on the axis (of the 
sphere). 

Conic projections (vary in accordance with the position of the 
pole of projection) with respect to the centers (of the spheres). 

1. (If the pole of projection) were in the direction of the north 
pole, (then it) would be: 

a. Either on the axis inside the sphere, (and then the conic 
projections would be): Circles, straight lines, and (one of) the 
three conic sections. 

b. Or (it would be) on the (north) pole itself, (and then the 
conic projections would be): Circles and straight lines. 

c. Or (it would be) on the axis outside the sphere, (and the 
conic projections would then be): Circles, hyperbolas, and 
straight lines. 

2. (If on the other hand) it were in the direction of the south 
pole, (then it would be): 

a. Either on the axis inside the sphere, (and thus the conic 
projections would be): Circles, straight lines, and (one of) the 
three conic sections. 

b. Or (it would be) on the (south) pole itself, (and thus the 
conic projections would be): Circles and straight lines. 

c. Or (it would be) on the axis outside the sphere, (and the 
conic projections would thus be): Circles, hyperbolas, and 
straight lines. 

(As for) the circles that are represented on the astrolabe, they 
are: 

1. Either great circles and these are: 

a. Horizon (circles): (In the case of) the right sphere they 
would be straight lines [f. 2v] intersecting at the center of the 


Ahmad Dallal 


(T) .(J^laaJl 3 0) • "^lll j (v) 

+ (V) + J°3^Jalil Jft ^tJa^aJI J j\jl + (^) IOjTj - ^ 

+. 'v Jj w **ji 

• ^*[ L^J jL-^ L*|j — ^ 

(3 J-iLjo lyl VI . dUb js, {J^s. V jljA ‘ 4 »ojA>j AjJloi l oljljU — I 

+ . ' V ^cJa—lJl v-sVaj-L + l^ftL^jl uiixi£j . (jujalJI 

.JC w J\ji (jl : aAAIo^j AjxliJjl : oll^lauiL* jl — i_j 

lyX Jlj Ibl Aj'^liJI ^LajiJI £-l_jjl {j* (jl ij ^Ccj • A—*a) ^.Uflll la.,,III 

* ft <■■ 

. A^jjAjLI oUr.U.i.llI A«JLa~o Jtf>^lai>- ^-aJj .U-jli-jl <■ i--ia,aJl 

.oljUl LM j :jlii\ Jydl 
Ol Jj-aj Lli t U L r ^i Q^..UaJI jjft (J-sjJI £-L>jil Iaa 3 Ljl*a3 LI oS3j 

a ja ^ ft ^ a>-I ojL ijoju LI ctUbj .-Ljl^Aa jlj.i La .... a " CjIjI jil 

JU>jJL oL»Xj>-j L» ybj plaftVI JJJ jAaj Ai»-bj .'Liu 4 >■ AI (J^LaSj 

ojvAp 4~J*- U^LaS [jTuj] Syljb T o^se^U AjLIjj (JaSLej Lr J“ 4-A* 3 (Ojl^^r 

. £-jjj (jJbj n Uy* AjVj tLtlji 

Ah-o jiAij I^S^a 0 Aiaa'i -» aJsloj .>- AI jla5 ^ -Lx a j j e-> 

3 laiij <tJ>j u[/*Ilj (JJ"I jljU jAj jl^JI Ja*a Oj^L® '-Sj® a S/L a a 


■ja culaiL* : + lyX . . . — .^-j y C . la a.» : + (j ^b aJI . . . j ija + 

, ^_J j Ly-jj : Uy^wAJ U - . ,• ji O j J^ '■ + ^i L ...>JI . . . + w 

. ^wjl Jl cJAJl Jij . f j o J jjt t ^_> j 3(.jjl* jd- : a j»v " 

La c~a-0>L o j J aj^il cJaL-I :\ty>- r ' - -s- 1 j ^i>=^ : T 


fLeil 




Blrunl’s Book on the Projection of Spheres 


91 


plate, and nothing else could be possible. In the case of oblique 
spheres they would be circles, if the projection is from the two 
poles, or the three conic sections if it were otherwise. 

b. Azimuth circles: {And they would project as) circles when 
the projection is from the two poles, or the three conic sections if 
it were otherwise. 

2. Or small circles, and they are either: 

a. Day circles - to the north or to the south - and they would 
(project as ) circles and nothing else would be possible. However, 
they could interchange (positions) with respect to either one of 
the two poles, and their positions would vary with the variation 
of the position (of the pole) of projection. 

b. Or almucantars - in altitude or in depression - and they 
could be represented by circles if the projection (pole) is on the 
pole itself, or they could be one of the three conic sections if the 
projection (pole) were removed from the poles either internally or 
externally. Some of these would project as straight lines in the 
southerly projections. 

Section two : On the construction of the day circles. 

Since we intend at this point to carry (the projection) from the 
two poles themselves, we would then say that the day circles 
would be projected as concentric circles. Let us then assume the 
plate to be circle ABGD (Figs. 1,2), with center E , and diameters 
AEG and BED . We take (arc AZ to be equal to) the inclination 
(e) of the ecliptic, which was found to be twenty-three degrees 
and a third and a fourth (23;35°), according to the observation 
that we ourselves conducted in Khwarizm in the year three hun¬ 
dred and eighty-five [f. 3r] of the Hijra (= A. D. 994/5) by using 
an (observational) ring with a diameter equal to fifteen cubits 
(circa 9 meters). 

We join BZ, and let it cut the diameter AEG at point M. With 
point E as center, and radius EM, we draw circle MTK, which 
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would then be the equator, which is the day circle of (the begin¬ 
ning) of either Aries or Libra. (This equator) would have the 
three points M, T\ and K at quadratures. Point M would be the 
point from which the declination is measured in either direction: 
northward towards K, and southward towards T. As for point T, 
it would be the pole of projection for a northerly astrolabe, and 
(all lines issuing from it) would connect it with all points appar¬ 
ent to us, which are used in the projection. 

(Construction) lines that we would not need in the final projec¬ 
tion for work (necessities), would be drawn in red. Others would 
be drawn in black. Let any one examining it note that. As for 
point K it is the pole of projection of the southerly astrolabe, and 
from it (will issue) all lines that connect it to the points (to be 
projected). 

We first take the example of a northerly day circle (Fig. 1). [f. 
3v] We measure the amount of its inclination from the reference 
point of inclination (i. e. M), in the direction of point K. Let that 
be the arc MH. If we are constructing a northerly astrolabe, we 
join TH, which will cut AEG at S. Thus ES is the radius of that 
day circle around center E. But if the astrolabe under construc¬ 
tion were southerly, then we would join KH and extend it 
straight, to intersect AEG at point L. Thus EL is the radius (of 
that day circle) around center E. 

We next take an example of a southerly day circle (Fig. 2), 
and measure the amount of its inclination from the inclination 
reference point, in the direction of point T. Let that be arc MO. 
In the northerly astrolabe we join the straight line TOL. LE 
would then be the radius (of that day circle) around center E. In 
the southerly one we join KSO, to obtain SE as a radius (of the 
day circle) around center E. When the two inclinations are equal 
in opposite directions, the interchangeability between the two 
day circles, in the two kinds of astrolabes, would be obvious. 
Therefore, the method of constructing the day circles on the 
plate is now clear, and that is what we wanted to show. 
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Fig. 1 Fig. 2 

[f. 4r] Section three: On the horizon (circles). 

As for the horizons of the right sphere (9 = 0 °) they would 
project in straight lines, and none of them will be shown on the 
plane except the meridian line and the east-west line. Since they 
are obvious we do not need to discuss them any further. For the 
remaining horizon circles we redraw the plate (of the astrolabe) 
together with its two diameters, and the equator circle. We then 
say: It is necessary, according to the division (of the globe), that 
we take some of the horizons to be northerly while others to be 
southerly. But since the conditions of the southern half (of the 
sphere) are unknown to us, we will designate them when we con¬ 
sider the horizon circles of the southerly latitude, and we will 
limit our concern to the northerly ones, in spite of the fact that 
the only difference between the two is the interchangeability of 
the direction of measurement of the geographical latitude. 

We then say that if we wanted to project the horizon for a 
given latitude, we measure from points T and K (Figs. 3, 4) two 
arcs, each of them being equal to the value of the assumed lati¬ 
tude. [f. 4v] The (arc taken) from point T would be in the direc¬ 
tion of M, such as arc TZ, while the one from point K would be 
in the opposite direction; let that be KH. We thus call the two 
points Z and H the two extremities of the horizon. 
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If the astrolabe were northerly, we join TZL and TOH (Fig. 3). 
L0 would then be the diameter of the (projected) horizon on the 
plate (of the astrolabe), as indicated. And the center of the (pro¬ 
jected) horizon would be the midpoint of LO. (However), if it (i. e. 
the astrolabe) were southerly, we join KSZ and KHF (Fig. 4). SF 
would then be the diameter of the (projected) horizon, as indi¬ 
cated. Its center would also be the midpoint of FS. Then with the 
center of the (projected) horizon, and with a radius equal to the 
horizon’s radius, we draw the portion of the circle that would ap¬ 
pear on the plate. The indication (that the projection) is accurate 
is that it would intersect the day circle of Aries and Libra (i. e. 
the equator) at the points T and K only. That is how horizons 
are projected on plates. 

In a similar manner we project the ecliptic on the rete, by as¬ 
suming it to have the latitude of the horizon - I mean that each 
of the two arcs TZ and KH, would be equal to the complement of 
the maximum declination, which is also known. And that is what 
we wanted to show. 
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[f. 5r] Section four : On the almucantars. 

As for the almucantars, they are of two kinds: Some are paral¬ 
lel to the horizon in the visible part of the firmament and are 
called almucantars of altitude, while some are below the horizon 
and parallel to it - and these are called the almucantars of de¬ 
pression. As for the {almucantars ) of altitude, they are needed in 
all kinds of astrolabes, while those of depression are only needed 
in astrolabes that combine various types, and some of them may 
also be needed in the astrolabes commonly used; or others could 
still be used to aid in some of the constructions. 

To map {these almucantars) we repeat {the construction of) the 
plate, with its two diameters, the day circle of Aries, and the 
two extremities of the horizon’s diameter. We first say: If we 
want to project the almucantar of the horizon which has the two 
points Z and H as the extremities of its diameter, we would then 
take from points H and Z, for the altitude ones, an arc [f. 5v] 
equal to the altitude of the given almucantar in the direction of 
the zenith, such as arcs ZL and HO in the first diagram (Fig. 5). 
While for those belonging to the depression we would take, in 
the direction of the nadir, from each of the two points, arcs 
equal to the amount of depression of that almucantar, such as 
arcs ZL and HO in the second diagram (Fig. 6). Then we join, in 
the northerly (astrolabe), TLS and TFO. Thus SF would be the 
diameter of that almucantar, and its center would be the end¬ 
point of SF. While in the southerly one we join KON and KCL. 
Thus CN would be the diameter of the almucantar as indicated. 
Its center is the midpoint of CN. (The almucantar) could then be 
drawn using this center and a radius equal to half the diameter 
{CN). This is (the operation) of mapping the engraved almucan¬ 
tars for elevation and depression. Anyone drawing a comparison 
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between these two kinds of astrolabes will find it obvious that for 
the same latitude, (the almucantar) could be interchanged in the 
direction of the zenith, or in the direction of the nadir. And this 
is what we wanted to show. 
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Fig. 5 

The depression almucantars [f. 6r] of a northerly astrolabe, 
which are the altitude almucantars for a southerly one, have 
properties which we need not mention, because we do not use 
them, except for one. For that one we redraw the plate and say 
that after we take the amount of depression of the assumed al¬ 
mucantar in the northerly astrolabe, from the two extremities of 
the horizon, such that (in Fig. 8) we reach from H to L and from 
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Z to T itself; then we join TSL as in the first diagram (Fig. 5). 
We then let the straight line OSF be issued from point 8 parallel 
to the diameter BED. This will thus be the almueantar. As for al¬ 
titude (almucantars) in the southerly astrolabe, we take the alti¬ 
tude of the assumed almueantar, from the two extremities of the 
horizon, such that (in Fig. 7) we reach from Z to L and from H to 
K itself. We then join KSL, and proceed in the second diagram 
as we have done before. OSF would thus be the (desired) almu- 
cantar. And that is what we wanted to show. 



[f. 6v] Section five : On azimuth circles. 

There are several methods to construct azimuth circles: We 
mentioned some of them in that book 16 , while we will now use 
the method of Abu Mahmud al-Khujandi 17 , on account of its sim¬ 
plicity and ease. We redraw the plate with the circles of the ho¬ 
rizon and that of Aries. We take an arc MZ equivalent to the 
terrestrial latitude. In the first diagram (Fig. 9) we join TZ, thus 


16 Reference is made here to the IstVab, where such methods are men¬ 
tioned under the section named: Projection of azimuth circles (fol. 216). 

17 For al-Khujandi, see [14], p. 74, No. 173. 
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cutting the diameter at G. In the second one (Fig. 10) we join 
KZC. C would therefore be the zenith. We draw around center S, 
and through points KCT, the circle KCTH. H would then be the 
nadir. We also draw through S a straight line parallel to the 
east-west line. On that line the centers of the azimuth circles 
would fall. We then take an arc TI equivalent to the distance of 
the required circle from the point of ascension of the equinox. 
We join Cl in the northerly astrolabe, and HI in the southerly 
one. (Line Cl) will cut the horizon at point 0, (which in turn will 
determine) a circle (with C and H). This point is called the point 
of intersection [f. 7r]. Of that circle we draw the portion that 
falls above the horizon and disregard the rest. If the distance of 
the circle (i. e. the azimuth) is measured from the setting point of 
the equinox, we measure that distance from point K in the direc- 
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tion of point M, instead of arc TI , and we proceed with the con¬ 
struction as before. Thus the construction of all azimuth circles 
in a semicircle is completed. That is what we wanted to show, 
and God knows best. 

Section six : On the division of the ecliptic. 

[f. 7v] We have already mentioned in the construction of the 
horizon circles that when we take instead of the latitude of a lo¬ 
cality the complement of the maximum inclination, the construc¬ 
tion would then produce the ecliptic, instead of the horizon. 
Therefore the horizon circle of a locality whose latitude is equal 
to the complement of the maximum inclination - being sixty-six 
degrees and a quarter and a sixth (of a degree) - would coincide 
with the ecliptic in some of its positions. So if we project the 
ecliptic onto the rete, and if we call the plate as we did before, 
such that the difference between the successive azimuth circles 
measured from the ascension or the setting of the equinox, is 
taken in thirty-degree divisions, then the ecliptic would be di¬ 
vided into zodiacal signs. And if we take the differences to be one 
(degree) at a time, (the ecliptic) would then be divided into de¬ 
grees. If (the differences) were taken for six (degrees), then we 
would have a “sextile” astrolabe. And similarly for a three (de¬ 
gree difference) it would be a “trine” (astrolabe), and for the two 
(degrees difference), (the resulting azimuth circles) would be half 
(of those drawn for one degree), and so on. Then we start (the 
markings) to the left of the point of midheaven, which is taken in 
the direction of the wide signs. If the astrolabe is southerly, we 
start with Cancer, and follow that by Leo, Virgo, Libra [f. 8r], 
Scorpio, Sagittarius, Capricorn, Aquarius, Pisces, Aries, Taurus, 
and Gemini. But if the astrolabe is northerly, (we start) with 
Capricorn, and then follow it with the signs in the above-men¬ 
tioned order. Once we have completed that, the only thing we 
would still have to construct in the rete would be the positions of 
the pointers for the stars. 
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Section seven : On the pointers for the stars. 

The positions of the stars should be known to us, (including) 
the corrections (added) to their motions up to the given time. 
Once that is obtained, then if we wish to find the positions of 
their pointers in the rete, we would then construct the day circle 
of Aries, which is MTK around center E. And once we determine 
Z and H, the two extremities of the horizon’s diameter (Fig. 11) - 
such that the assumed latitude (of that horizon circle), marked as 
TZ and HK, is equal to the complement of the maximum declina¬ 
tion - and then we construct the horizon circle. Then (that cir¬ 
cle), LTSK, would be the ecliptic itself. We extend LS as much as 
possible in the direction of S. We measure [f. 8v] arc MA equal 
to the complement of the maximum declination. We join TCA 
and seek on the line LES the center of the circle that passes 
through points T, C, and K. Let this point be F. This circle 
would then intersect MES at point G, and the two points C and 
G would thus be the zenith and the nadir. F would be the (fixed 
point) through which the line of centers passes. We therefore 
draw (that line) through {F), and parallel to KET. Then we mea¬ 
sure the angular distance of the star from the beginning of Aries 
if it is in the northerly signs, and from the beginning of Libra if 
it is in the southerly ones. We then measure such a distance 
from the point K in the lower 18 half of the Aries day circle, and 
assume we reach a point B. We join CB and let it intersect the 
ecliptic at point 0 , which is the common point (between the azi¬ 
muth circle and the horizon) 19 . Then we seek along the line of 
centers the center of a circle that passes through the points C, 0 , 
and G, which are the points of intersection of the zenith and the 
nadir (respectively). We draw it lightly along the whole plate, 
and call it the latitude circle. We then check if the astrolabe is 

18 Lower is understood to signify zodiacal signs, which are usually taken 
in the upper part of the astrolabe. However, if it is taken in the other direc¬ 
tion, i. e. the lower part of the astrolabe, the same construction would still 
apply. 

19 In the Isti'ab, (fol. 219), Birum explains this construction more clearly. 
He says: “. . . Then we measure in the day circle of Aries an arc [KB] equal 
to the distance of the required zenith from the midday line. We join [CBO] to 
cut the horizon at point 0. Point 0 would thus be the intersection between 
that circle and the horizon. So we seek on the center line, the center of the 
circle that passes through 0 and the points corresponding to the zenith and 
nadir which is what we are looking for.” 
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northerly, and the latitude of the stars to the north, [f. 9r] then 
we measure from each of the two extremities of the horizon diam¬ 
eter, Z and H, the value of the latitude of the stars in the direc¬ 
tion to which latitude almucantars are taken. If, however, its 
(i. e. the star’s) latitude is to the south, we measure from each of 
the extremities in the direction in which depression almucantars 
are taken. We then draw that almucantar, and wherever it inter¬ 
sects the latitude circle, we would have the pointer for that star. 

If, on the other hand, the astrolabe were southerly, then we 
would connect KAC instead of TCA in the first diagram (Fig. 12), 
and point C, which is the zenith, would fall outside the plate. 
The remaining constructions to determine the latitude circle, 
would then be the same after (taking into consideration) the 
change in position between diagrams one and two. Then, if the 
latitude of the star is southerly, we measure its value from each 
of the two points H and Z, in the direction of the line of centers, 
and thus obtain that latitude almucantar. If, on the other hand, 
the latitude were northerly, we measure its value in the opposite 
[f. »v] direction, and thus obtain for it the depression almucan¬ 
tar. Wherever it (i. e. the almucantar) intersects the latitude cir¬ 
cle, there would the pointer for the star be. So, and God knows 
best. 
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Section eight’. On the hours. 

As for constructing the hour lines, that is (achieved) by divid¬ 
ing the portion under the horizon of the day circles of the equi¬ 
noxes, and each of the two solstices, [f. lOr] into twelve portions. 
We then join the extremities of the corresponding arcs of 
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the day circles by a circular arc (limited) by the two day circles 
of the solstices. We thus obtain the hour lines. And with this the 
projection of the astrolabe is completed 20 . 

The second question: and it consists of six sections. 

Although the astrolabe corresponds to the movements of the 
horizon and coincides with it in its configurations and appearance 
and (although) it is possible to obtain from it most of (the infor¬ 
mation) that can be calculated from astronomical tables, how¬ 
ever, its greatest usage, that can not be substituted for, is in 
finding the horoscope in a short time and intuitively, without 
needing the erection of instruments and the leveling of sundials 
and excessive measurements and calculations. And if this is so, 
and the astrolabes (to be used) were big ones, like the ones we 
have mentioned, or what is found to be appropriate out of them 
(i. e. the kinds of astrolabes,) then the least that should be done 
is to add (a summary of the methods of) finding the horoscope by 
using any of them. 

Section one: Concerning the determination of the horoscope by 
using either one of the two commonly used astrolabes. 

We measure the altitude (of the sun for that day) using the al¬ 
idade located on the back of the astrolabe, then we place the de¬ 
gree of the sun in the ecliptic on the almucantar which corre- 


20 MS. Seld. Sup. 85 ends here with the following colophon: This treatise 
was completed with the praise of God, His assistance, and His good fortune. 
Praise be to God, the Lord of all creation, and may God’s prayers be upon 
Muhammad and upon all his family and companions, and may He endow 
them with abundant peace. {This treatise) was completed (i. e. copied) on the 
fifteenth of $afar of the year seven hundred and forty-six of the Hijra (= 
A. D. 17 June, 1345), may the best of prayers and peace be upon its under¬ 
taker (i. e. the Prophet). This was copied by Ahmad al-$ufi, the slave who is 
in need of God Almighty. May God forgive him, his parents, and all the Mus¬ 
lims. 
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sponds in number to the altitude found on the side in which the 
measurement has been taken, i. e. in either east or west direc¬ 
tions. Then we look at the eastern side of the horizon (and see) 
which degree in which zodiacal sign corresponds to it. Whatever 
is found, that would be the ascending point of the ecliptic (i. e. 
the horoscope) at that time. 

Section two : On approximating (other) astrolabes, (where the 
method of finding the horoscope corresponds) to the (method) 
previously mentioned. 

What we have mentioned applies when working with astro¬ 
labes where the pole of projection does not lie on the pole of the 
sphere along the axis. These are (the astrolabes) whose almucan- 
tars, azimuth circles, and ecliptic are projected into the kinds of 
conic projections. Moreover, it applies to those that are projected 
by cylindrical projections, and to the northerly and the southerly 
planispheric (astrolabes). As for other kinds of astrolabes, they 
differ in their usage. 

Section three: On finding the horoscope by using the myrtle-like 
and the drum-like astrolabes. 

The almucantars that are constructed in those two (kinds) are 
northerly and southerly, (having) a common horizon. Let us call 
that horizon the common horizon, and let us call the horizon 
which intersects the almucantars the singular one; we thus say 
concerning those (kinds) that we find the altitude (of the sun for 
that time of the day,) and the position of the sun in the ecliptic. 
If it (i. e. the sun) has a northerly declination, then we place it 
(i. e. the point corresponding to the sun on the ecliptic) at the 
corresponding altitude in the northerly almucantars, and on the 
side on which the measurement has been taken. We then look at 
the common horizon from the left side (i. e. on the eastern hori¬ 
zon, and see): If it intersects (the ecliptic in a point which falls 
in) a northerly zodiacal sign, then that degree and minute would 
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be the horoscope. And if it intersects a southerly zodiacal sign, 
then we look at the singular horizon from the left side. The 
corresponding (point) would be the degree of the horoscope. If, 
however, the position of the sun (in the ecliptic) has a southerly 
inclination, then we invert the astrolabe so that the southerly al- 
mucantars are upwards and the northerly ones are downwards. 
We put the point (corresponding to the sun in the ecliptic) on the 
determined altitude in the southerly almucantars, and on the 
side on which the measurement has been taken. Then we look at 
the common horizon from the left side. If it intersects (the eclip¬ 
tic at a point which falls in) a southerly zodiacal sign, then this 
would be the minutes and degree of the horoscope. If, on the 
other hand, it intersects a northerly zodiacal sign, then we look 
at the singular horizon, and the degree of the horoscope would 
then be the same as the corresponding (intersection) point (be¬ 
tween the singular horizon and the ecliptic.) 
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Section four : On finding the horoscope by using the boat-like 
astrolabe. 

We place the eastern half of the solid horizon at (the point 
corresponding to) the position of the sun in the ecliptic, and we 
mark on the horizon the corresponding point, and also mark the 
position of the pointer 21 (the outer rim of) the mater. We then 
place the mark (corresponding to the) position (of the sun on the 
ecliptic) at the (almucantar circle) corresponding to the measured 
altitude and on the side on which the measurement is taken. We 
then measure (the arc) between the line of midheaven and the 
head of the pointer along the mater; the resultant would then 
correspond to the rotation of the ecliptic since sunrise. We then 
count (back) in the direction of the east from the first pointer 
mark on the mater, an (arc) equal to the rotation of the ecliptic, 
and we place the tip of the pointer at the extremity of that 
(angle). The horoscope would then be that point of the ecliptic 
that intersects the point on the eastern solid horizon. 
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Section five: On finding the horoscope by using the cross-like 
and the straight edge astrolabes. 

We look for the position of the sun in the cross(-like rete). If it 
has a northerly inclination, we place it on the eastern horizon, 
and we mark one of the edges intersecting the mater. We then 


21 The word pointer we are using here translates Arabic ‘amud which liter¬ 
ally means the ‘post’, i. e. the mast of the ship. 
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place that point on the corresponding altitude in the northerly 
almucantars, and on its side (i. e. on the side in which the alti¬ 
tude measurement was taken.) The (angular) displacement (of the 
point marked on the mater) would thus be the rotation of the 
ecliptic. If on the other hand, the position of the sun has a south¬ 
erly inclination, then we invert the astrolabe so that the south¬ 
erly almucantars would be in the upper part. We then place (the 
point corresponding to the position of the sun) on the eastern 
horizon, and we mark one of the edges intersecting the mater. 
We place that point on the corresponding measured altitude in 
the southerly almucantars, and on its side, (i. e. on the side on 
which the measurement was taken.) The (angular) displacement 
of that edge would thus be the rotation of the ecliptic. Once we 
obtain (the amount of) rotation, we count an arc equal to it, in 
the direction of the order of the signs, starting from the position 
of the ascension of the sun which is marked on the plate. Wher¬ 
ever the counting ends, that would be the degree of the horo¬ 
scope. The same description applies to the straightedge (astro¬ 
labe,) except that it has only one kind of almucantar and it can 
not be used alternatively. 
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Section six: On finding the horoscope by using a spiral astro¬ 
labe. 

We place the (point corresponding to) the position of the sun 
(on the ecliptic) on the eastern horizon, and we mark on the ma¬ 
ter the position of the beginning of Capricorn (which is on the 
spiral rete). Then we also place its position (i. e. the point corre¬ 
sponding to the position of the sun on the ecliptic) on the (almu- 
cantar) corresponding to the determined altitude (of the sun) and 
on its side (i. e. on the side on which the measurement was 
taken.) The angular displacement of the pointer (i. e. the tip of 
Capricorn) from its location would thus be the rotation of the 
ecliptic. We then proceed with it as we proceeded with in the 
case of the cross-like and straightedge astrolabes, until we obtain 
the horoscope. The virtue of the spiral (astrolabe) over other 
kinds is that its zodiacal signs can be divided into degrees and 
minutes, while using the same size of astrolabe. 



Fig. 17 


These are the kinds of astrolabes that we had mentioned in 
that book (i. e. al-IstVab), and this brief (account) would suffice 
to provide my master for the excess (of others,) and his sharp 
mind and understanding would save me from (going into) details. 
May God support him and protect him from harm, and may He 
grant me the expected beneficence from him. 
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The book was completed with the help of God. 

This is the book of Abu al-Rayhan Muhammad b. Ahmad al-Bl- 
runl to Abu Sahl ‘Isa b. Yahya al-Masihi al-Tabari on simplifying 
astrolabic projections, and on working with their northerly and 
southerly combinations. It is composed of two questions and 
fourteen sections. 

The most needy of God’s creations, Mihran b. Amir al-Hajj al- 
Qaysar! finished transcribing it on the tenth of the Only Rajab, 
. . ., and God is the Best Helper. 
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Commentary 

The first “question”: 

Section one : In this section, BirunI tries to list the different 
kinds of conic sections that result from cutting a circular cone by 
a plane. These vary as follows: 

If in a cone a plane is drawn to cut a section, such that the 
cutting plane makes an angle a with the axis of the cone, then 
the resulting intersection is a function of the relationship be¬ 
tween a and (5, which is the generating angle of the cone. 

Now if we are projecting circles in the sphere on the equatorial 
plane, then this is equivalent to having a cone cut by a fixed 
plane. However the cone itself would vary in this case according 
to the position of the pole of projection, which is the vertex of 
the cone, and to the position of the base of the cone, which is the 
circle to be projected. The fixed cutting plane is that of the equa¬ 
tor. Again a and (3 would vary simultaneously, and different 
conic sections would be obtained as follows: 

1 . The pole of projection is on the axis inside the sphere. 

a. If the base circle passes through the pole of projection, then 
the cone is reduced to a circle, and the intersection between the 
cone and the equator will be an intersection between two planes, 
thus a straight line. 

b. If the base circle of the cone is parallel to the equator, then 
a = 90°, and the section cut is a circle. 

c. If now we assume any fixed angle rotating around the pole 
of projection, then this is equivalent to having this angle fixed 
and rotating the cutting plane, then we have the following pos¬ 
sibilities: 

- (3 < a < 90 =4 the intersection is an ellipse. 

- a = (3 =4 the section is a parabola. 

- a < =4 the section is a hyperbola. 

Thus when the pole of projection is on the axis inside the 

sphere, the projection admits all kinds of possible conic sections: 
Straight lines, circles, ellipses, parabolas, and hyperbolas. 

2. The pole of projection on the axis outside the sphere. 

Here also the cone admits all kinds of sections, i. e. straight 
lines, circles, ellipses, parabolas, and hyperbolas. This can easily 
be shown in a fashion similar to the preceeding case. However, 
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Birum mentions only the possibilities of straight lines, circles and 
hyperbolas; yet in his Isti'ab, he maintains that all sections may 
be produced. 

3. The pole of projection on the axis on the pole of the sphere. 
Only two possibilities arise in this case: 

a. The circle to be projected passes through the pole of projec¬ 
tion, and the section is a straight line. 

b. The circle to be projected does not pass through the pole; in 
this case the cutting section, (i. e. the equator,) is either parallel 
to the circle to be projected, or is a subcontrary section. In 
either case the projection would be a circle, which is a property 
of stereographic projections. (For an elaborate work on projec¬ 
tions of spheres, other than stereographic projections, see [ 10 ].) 

In this section, BirunI also lists the different kinds of circles 
represented on the plate of the astrolabe. On it appear families of 
curves that represent the maps of corresponding families on the 
celestial sphere. These, as is clearly stated by BirunI, are: Hori¬ 
zon circles, azimuth circles, day circles, and almucantars. (On the 
kinds of circles represented in the astrolabe, see Hartner’s essay 
on the asturlab in [ 6 ].) 

Section two : On the construction of the day circles. 

Blruni’s terminology at this point needs some clarification. He 
seems to be operating for construction purposes with a circle that 
is just used as a drawing board called the dastur. In the celestial 
sphere the plane of the dastur circle coincides with the plane of 
the meridian. 

The plane of the astrolabic projection, however, coincides with 
the plane of the equator, which appears in Figure 1 as the circle 
with center E and radius EM. In this circle the north pole of the 
celestial sphere falls above E, and the meridian or dastur plane 
appears as a single line along AEC. In order to facilitate the con¬ 
struction, the meridian plane is rotated around MC through 90°, 
so that the north pole arrives at K, and the meridian circle ar¬ 
rives at circle TMKC. Now a point H on the meridian is mapped 
into the point S on the equator plane ME ; but when the meridian 
plane is folded back to regain its position in space, S remains 
where it is, since it falls on the axis of rotation. 

In the above construction, BirunI proceeds as follows: 

a. Take any circle ABGD of any desired dimension. 
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b. Measure arc AZ equal to the inclination of the ecliptic, e. 
Join BZ, and let it intersect AEG at M. 

c. Draw circle MTK around center E, and let this circle repre¬ 
sent the projection of the equator. 

Now in Figure 1 we have taken arc AZ to be equal to s. There¬ 
fore BZ is equal to the complement of e. Therefore angle OBT = 
(90° - arc OT)/ 2, being an exterior angle to circle MTCK. But 
angle OBT = (90° - e)/2, being inscribed in circle ABGD. And 
since triangles AET and BME are symmetrical, therefore arc FM 
= arc OT = e. 

So when taking circle MTCK to correspond to the meridian 
plane, point F would be the beginning of Capricorn. Hence A 
would be the projection of F. Therefore circle BADG would be 
the projection of the tropic of Capricorn. 

Section three: On the horizon circles. 

In this section Birum begins by taking the line of intersection 
between the horizon and the meridian plane. When the meridian 
plane is rotated down into the equatorial plane, this line of inter¬ 
section will assume the position ZH in Figure 3. He then projects 
it onto the equatorial plane. Since it is one of the diameters of 
the horizon, its projection on the equator will determine the pro¬ 
jection of the circle of the horizon. Let that line be LO. 

When the meridian plane is folded back to fail along the line 
AEG, the circles are preserved in a stereographic projection. 
Thus the projection of the horizon circle is a circle with diameter 
LO. Furthermore, this circle must pass through T and K. The 
reason for this is that the equator intersects with any horizon at 
the east and west points, T and K, which map into themselves, 
because they are on the equator. 

In the projection of the ecliptic, on the other hand, BlrUm fol¬ 
lows the same method by assuming the ecliptic itself to be a hori¬ 
zon of latitude equal to e. At that point the same conditions used 
for the horizon will be applicable to the ecliptic. 

Section four : On the almucantars. 

In this section Biruni discusses the projection of almucantar 
circles, which are also called altitude or depression circles. They 
are the small circles of the celestial sphere which are parallel to 
the horizon and at different altitudes. These circles will project 
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as chords on the meridian plane TMK (Fig. 5). The points L and 
0 will be projected into the points S and F in the equatorial 
plane. When the two planes are rotated back, S and F retain 
their positions, being located on the axis of rotation. Now since 
circles are mapped into circles, then the almucantar circle LO 
will be projected into a corresponding circle on the equatorial 
plane, having SF as a diameter. 

A special case occurs when the depression of a depression al¬ 
mucantar is the negative of the latitude of the locality, as illus¬ 
trated in Figures 7 and 8. For then the almucantar passes 
through the pole of projection, and the point of intersection maps 
at infinity. However, the other extremity of the required diame¬ 
ter is entirely normal. It is L in both figures and its map is S. 
The map of the given circle of depression must pass through S at 
right angles to the map of the meridian. Hence it is the straight 
line OSF for both figures 7 and 8. (The letters 0 and F have been 
omitted from the latter.) 

Section five: On azimuth circles. 

The syntax of the Arabic text of this section is difficult to un¬ 
derstand (see note). What it seems to be saying is the following: 
To construct the azimuth circle we first construct the equator 
and the horizon circles (Fig. 9). On the meridian plane we mark 
MZ equal to the latitude of the locality in question. Point Z 
corresponds to the zenith of this locality. We then join TZ, 
where T is the pole of projection for a northerly astrolabe,to cut 
diameter ME at C. C would thus be the projection of the zenith of 
the locality. 

Now the prime vertical is the circle perpendicular to the hori¬ 
zon through the zenith, and which has a zero azimuth; hence it 
passes through the east and west points, through T, K and C. 
The resulting circle TCKH cuts line CS at H, which is the map of 
the nadir. 

Since all azimuth circles pass through both zenith and nadir, 
then their projections pass through C and H, and the set of cen¬ 
ters of those projections is the perpendicular bisector of CH, or in 
other words, the line drawn through S, which is the center of the 
circle KCTH, parallel to the east-west line. 

Now for any given azimuth circle, the azimuth arc is measured 
on the horizon circle. We do know that in stereographic projec- 
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tions, circles are projected into circles, and angles are preserved. 
However, the arc lengths of the projected circles are not pre¬ 
served. Therefore, in projecting the azimuth circle, the value of 
the azimuth arc cannot be measured directly on the horizon cir¬ 
cle. We can apply several methods for the above projection. 
Hartner mentions one in his article on the astrolabe. The method 
used here is different, however, and it assumes previous trigo¬ 
nometric computations. An arc TI is measured along the equa¬ 
tor, where arcs are preserved, such that this arc represents the 
distance of the required circle from the “point of ascension of the 
equinox”, the east point on the horizon, I. We join Cl to cut the 
horizon circle at 0. Circle COH would thus be the required azi¬ 
muth circle. 

It is evident in the above construction that Biruni is assuming 
a knowledge of the values of arcs on the equator, which corre¬ 
spond to values of arcs on the horizon, as marked by azimuth cir¬ 
cles. This, we know was calculated and probably tabulated at the 
time of Biruni, and indeed he refers to methods for calculating 
these arcs in his IstVab (fol. 214-218). 

Section six: On the division of the ecliptic. 

The ecliptic, together with its related coordinate system of ce¬ 
lestial latitudes and longitudes can be regarded as a set of hori¬ 
zon coordinates for a locality where the local latitude is 90°-e, as 
Biruni remarks. This will be the case provided the rete is rotated 
so that the point on it which maps the first point of Aries coin¬ 
cides with the east point on the map of the local horizon on the 
plate. The ecliptic is represented by a ring on the rete. The 
points on the edge of the ring which make up the graduations 
marking ecliptic degrees may be found by laying out the azimuth 
circles for the special latitude just mentioned. 

If the azimuth circles are taken six degrees apart, then the re¬ 
sulting number of azimuth circles is equal to a sixth of the total 
drawn if there were one for each degree. Biruni calls the former 
kind a “ sudus ”, sextile astrolabe. Similarly, if the difference be¬ 
tween the azimuth circles is either three degrees or two degrees, 
then the number of azimuth circles would be a third or a half of 
the total possible. 

In the above construction different signs on the ecliptic are 
projected in different sizes on the rete. Biruni calls wide signs 
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those like Sagittarius and Capricorn, whose projections on the 
rete are bigger arcs than the projections of, say, Gemini or Can¬ 
cer. 

Section seven : On the pointers for the stars. 

If the rete is placed in the special position described in the 
preceding section, then the known latitudes and longitudes of the 
astrolabe fixed star may be regarded as altitudes and azimuths of 
a locality of terrestrial latitude 90°-s. By the technique used to 
lay out the coordinate net for horizon coordinates, the caftsman 
draws a circle which is the map of the circle of latitude (almu- 
cantar) of a particular star. A second circle maps the longitude 
(azimuth) of the same star. The intersection of the two circles 
fixes the point on the rete for the pointer of that particular star. 

The second “question”: 

Having given a detailed description of the method of construc¬ 
tion of the two astrolabes of standard type Biruni then proceeds 
to solve the practical problem of horoscope determination. The 
solution of this problem, however, is given not only for the com¬ 
mon type of astrolabe, but also for a variety of other kinds. The 
construction of these astrolabes is summarily discussed in 
Birum’s long treatise al-IstVab. 

Section one : Horoscope determination for the standard variety 
of astrolabe. 

To find the horoscope in a general planispheric astrolabe, 
which is the kind discussed in the first question of the treatise, 
we first take the altitude of the sun at the time for which the 
horoscope is to be cast, by using the alidade as a sighting instru¬ 
ment. We then locate the almucantar which corresponds to that 
altitude. Now, assuming that the position of the sun on the eclip¬ 
tic for that part of the year is known, rotate the rete until this 
position falls on the specified almucantar, then seek the point on 
the ecliptic that is rising over the eastern horizon; that point will 
be the horoscope. 

Section two : Horoscope determination for those astrolabes 
where the above discussed method holds. 

Biruni claims, without proof, that the above method applies 
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also for astrolabes which are constructed by using all kinds of 
conic projections, and whose poles of projection do not coincide 
with either the north or the south poles of the celestial sphere. 
He also claims that astrolabes constructed by cylindrical projec¬ 
tions, can be used in the same manner. We refrain here from 
commenting because we are not sure of the method and the con¬ 
struction that Birum had in mind for this case. 

Section three: Horoscope determination using the myrtle-like 
and the drum-like astrolabes. 

In his Isti'ab , Birum describes the construction of the above 
two astrolabes. In both kinds the almucantar circles are drawn 
for the northern and the southern portions of the astrolabe. 
Birum calls the horizon that limits the northern section “the 
common horizon”, while the one that limits the northerly sec¬ 
tion, and thus intersects the northern almucantars, is called sin¬ 
gular. The ecliptic for both a northerly and a southerly astrolabe 
is also drawn. In the myrtle-like astrolabe (Fig. 13) we mark that 
portion of the ecliptic corresponding to the northern zodiacal 
signs in the ecliptic projected for a northerly astrolabe, and erase 
the remaining part of that circle. We thus keep the portion be¬ 
low the east-west line TK. Similarly, of the southerly ecliptic, we 
mark only that portion corresponding to southern zodiacal signs, 
i. e. the portion falling above the east-west line. Once these two 
parts are formed, we rotate the two ecliptics through ninety de¬ 
grees, and the resulting rete will have the shape of a myrtle. 
(For further details see the Isti'ab, fol. 254-255.) 

In the drum-like astrolabe (Fig. 14) the southerly zodiacal 
signs are marked out of the signs of the northerly signs in a 
southerly ecliptic. The resulting rete (as in the figure) is bulged, 
and hence the name drum-like astrolabe. (For further details see 
the Isti'db, fol. 253-254.) 

In the above two kinds of astrolabes we proceed to find the 
horoscope as follows: 

First we find the altitude of the sun for that time of the day, 
and the position of the sun for that time of the year. If the sun 
has a northerly inclination, we move the rete to the side in 
which the measurement is taken, until the point on the rete 
corresponding to the sun falls on the northerly almucantar corre¬ 
sponding to the measured altitude. We then look at the point of 
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the ecliptic rising above the eastern side of the common horizon. 
If this point falls in a northerly zodiacal sign, then it is itself the 
horoscope. But if it falls in a southerly zodiacal sign, then the 
horoscope would be the point of the ecliptic rising above the 
eastern side of the singular horizon. 

Section four : Horoscope determination using the boat-like as¬ 
trolabe. 

The construction of this astrolabe is based on a theoretical as¬ 
sumption that requires the celestial sphere to be fixed, and the 
earth to rotate within that sphere. For an observer on the earth, 
the celestial phenomena would still look the same as they did 
when the earth was taken to be fixed, and the celestial sphere in 
motion. Biruni attributes this construction in the IstVab (fol. 
267-269) to Abu Sa'Id al-Sijzi, and correctly observes that for 
mathematical astronomers it does not make any difference as to 
which of the two is taken as a fixed reference point. The compu¬ 
tation would still be the same, since one only measures relative 
motions. He further asserts that such discussions should be rele¬ 
gated to the natural philosophers. As far as he was concerned, he 
was satisfied with the fact that the astrolabe resulting from such 
an assumption could still determine the horoscope. 

Therefore, for this construction we take a fixed ecliptic, and 
allow the horizon to move. A movable pointer (a solid bar) is also 
attached to the horizon along the line of midheaven (Fig. 15), 
and it can also serve as an alidade. 

To determine the horoscope with this astrolabe, we first locate 
the position of the sun on the ecliptic for that time of the year. 
We then move the eastern part of the solid-body horizon to in¬ 
tersect the ecliptic at the above point. Let point A x be the inter¬ 
section between the pointer tip and the outer rim, and mark on 
the horizon point B, which is the intersection between the eclip¬ 
tic and the solid-body horizon. 

We then rotate the horizon so that point B falls on the alti¬ 
tude almucantar corresponding to the measured altitude of the 
sun for a specific time of the day, and on the same meridian side 
on which the measurement was taken. The pointer will now point 
towards point A 2 on the outer rim. The arc &4 2 between the mid¬ 
heaven line and the pointer EA 2 corresponds to the rotation of 
the ecliptic since sunrise, that is, it corresponds to the actual ro- 
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tation of the sun between sunrise and that time of the day. This 
rotation, however, should be measured back from point A v which 
was the position of the tip of the pointer when the sun was taken 
to be at B. We thus measure from A { , to the east side, an arc 
AjA 3 = SA 2 , and rotate the solid-body horizon so that the pointer 
tip falls on A 3 . Point X, the intersection between the horizon and 
the ecliptic, would thus be the required horoscope. 

Section five: Horoscope determination using the cross-like and 
straight edge astrolabes. 

In the present text of Birum, the functioning of the cross-like 
astrolabe is essentially the same as that of the boat-like astrolabe 
mentioned above. He first determines the rising point of the sun 
marked at the mater, and then determines the amount of the 
daily rotation of the sun as an arc along the same mater. Finally 
he takes that daily rotation arc in a backward direction from the 
rising point. The point on the ecliptic corresponding to the last 
mark on the mater would then be the horoscope. 

The straightedge astrolabe is constructed by taking the follow¬ 
ing projection of the ecliptic. Assume the meridian line on a regu¬ 
lar astrolabe to be a solid fixed ruler. Then with a compass open 
for a radius equal to ET (Fig. 16), where E is the projection of 
the north pole, and T the point at the beginning of Aries, and 
with one side of it fixed at E, mark with the other side point T t , 
ajong the meridian line that corresponds to T. Note that for the 
beginning of Aries T, falls along the equatorial circle. Repeat the 
same procedure for the beginnings of the other zodiacal signs, 
and mark their corresponding points along the straightedge 
meridian line. The resulting rete would therefore be a straight¬ 
edge along the meridian line. (For further details on the con¬ 
struction of this astrolabe see Isti'ab fol. 270-271.) 

The construction of the cross-like astrolabe, on the other hand, 
is very briefly stated in the Isti'db (fol. 271-272). The intention 
of the cross-like astrolabe seems to have been, according to 
Blruni’s statement, an attempt by al-Sijzi, to improve the 
straightedge astrolabe by allowing larger scale divisions for the 
solistial signs which are normally compressed in the straightedge 
as in the figure. At this point, and with the available sources, 
the exact construction of this astrolabe is not very clear. We 
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hope that a more detailed description of its workings will be un¬ 
earthed in the future. 

Section six: Horoscope determination using a spiral astrolabe. 

The construction of this astrolabe is as follows: On an appro¬ 
priate plate draw the day circles for the beginnings of each of the 
zodiacal signs. Then starting with the outer circle mark point A 
on one edge of the quadrant AEB, and point C on the next inner 
circle in the same quadrant. Join AC with a curve, and with the 
same procedure connect, with similar curves, points D, F, G, H, 
and I. The resulting curve, the rete, will look like a spiral, with 
the sections in each quadrant approximating the day circles of 
two of the zodiacal signs. Section AC will correspond to the day 
circle of Sagittarius and Capricorn, CD to Scorpio and Aquarius 
and so on. (For further details see Isti'db, fol. 272-273.) 

The horoscope is determined, as before, by locating the point 
corresponding to the sun on the rete. We move that point so 
that it falls on the eastern horizon, and we mark the correspond¬ 
ing intersection between the pointer, which is the tip of Capri¬ 
corn, and the outer rim. We then move the same point so that it 
falls on the almucantar corresponding to the sun’s altitude for 
that day. Again we mark the intersection between the pointer 
and the outer rim. We measure the arc corresponding to the 
movement of the pointer along the outer rim. This would be the 
rotation of the ecliptic since sunrise. Now we proceed with the 
construction as we did in the earlier cases, namely we rotate the 
first point marked on the outer rim by an arc equal to the rota¬ 
tion of the ecliptic since sunrise, and in the eastern direction. 
The point where the rete intersects the eastern horizon would 
thus be the horoscope. 
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